By using the dielectric spectroscopy technique in the extremely low frequency (1-200Hz) range, dielectric loss tgδ was determined on both Aspergillus niger cultures in different growth stages and autoclaved biomass compared to the Czapex-Dox culture medium with sterile sucrose.
INTRODUCTION
In the perspective of sustainable development, ensuring healthy working and living conditions is a priority issue [1] . At present day, an essential condition for the quality of human life is to provide the necessary electricity.
The production, transmission / distribution and use of electricity involves generation of electromagnetic fields (EMF) which, by AC (alternating current) polarization, on the one hand, influence the mechanism and kinetics of the natural bioelectrochemical processes [2] specific to the living matter and, on the other hand, accelerate corrosion and / or material degradation processes (both oxide [3] and polymeric [4] ) from the buildup media [5] [6] [7] [8] .
Research studies have shown that, depending on their intensity and frequency, EMF can modify certain biochemical processes and thus have an influence on the behavior of living matter [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] exposed to EMF of anthropogenic origin. Findings have shown that the EMF influences on the living matter are largely influenced by the experimental conditions, namely the frequency and intensity of the applied EMF, the dielectric characteristics of the sample materials, the geometry of the experimental cells / bioreactors [20] , etc. EMF of anthropogenic origin can influence the organisms, both in a positive (growth stimulation [15, 21, 22] ) and negative way (inhibition of growth [21, 23] ). Growth stimulating of microorganisms (bacteria, microalgae, fungi etc.) and plants in EMF can be a way of streamlining various biotechnological processes such as biofuel production from algae, biodegradation of waste, water purification [21, 22] -including those containing xenobiotic substances-, etc. On the other hand, one can notice that excessive increase of the applied electric field leads to membrane permeabilization and subsequent leakage of intracellular compounds [15, 24] .
The effects of exposure to EMF on living matter are differentiated according to the frequency of the perturbative field. Thus, several studies have emphasized that 50 Hz EMF diminishes melatonin production, thus causing disturbances of circadian rhythm with consequences on the immune system and increasing the incidence of different cancers [25] [26] [27] . Furthermore, researchers have also highlighted their influences on human leukemia cell line HL-60 [28] and on the intramicrovascular leukocyte behavior in mice [29] . Further various effects of exposure to 50 Hz EMF on human cells have been reported in [30] [31] [32] [33] [34] [35] . In [36, 37] , various biological effects of high-and very high frequency EMF have been presented. Associations between EMF and immune and oxidative response have been found in people professionally exposed to EMF in the 140-160 MHz band [38] . Various biological effects, namely modifications in enzymatic activity [39] , cellular proliferation of nucleated erythropoietic cells [40] [41] [42] , oxidative stress [43, 44] , etc., have been reported for EMF exposures in the radio frequency band. Also, a lot of studies have shown the harmful effects of mobile telephony on the human brain [45] [46] [47] [48] .
Relaxation dynamics of protein solutions involves changes of the dielectric permittivity and conductivity of the living matter. Studies on the dielectric characteristics of protein solutions have been reported since 1938 [49] . The dielectric spectroscopy method allows analysis of the dielectric characteristics' evolution of the materials, as a function of the frequency of the applied electric signal [50] . Thus, many authors have applied this technique for studying the dielectric relaxation in biological systems or protein solutions [11, [51] [52] [53] [54] [55] [56] . From these studies, can be concluded that the relaxation phenomena are differentiated according to the frequency band, respectively in the 1-1000 MHz band dominating is the β-relaxation (relaxation of the proteins in aqueous environment), in 0.1-10 GHz band the δ-dispersion (relaxation of the protein-bound water molecules), and over 10 GHz the γ-dispersion (rotational diffusion of water dipoles).
Mass and electrical charge transport have fundamental significance for the function and activity of biological systems. Cellular electrical polar structures with energy supply (such as microtubules) can become excited and generate an endogenous electric field. Endogenous electric field can have dominant effect on directed transport of molecules and electrons such that the probability to reach the target is enhanced in comparison with random thermal motion [57] . It is noted that by overlapping an external EMF on the endogenous electric field of biological systems, the field resulting from the vectorial composition of these can influence (favourably or unfavourably) the cellular transport processes of molecules and electrons and, implicitly, the behaviour of the organism. In this context, the effect of a transmembrane AC field in the 1 Hz -10 kHz range on the biochemical activity of a native yeast vacuolar proton-ATPase (V-ATPase) had been reported recently [58] , where the externally applied field generally inhibited the enzyme's rotational activity, except for a region peaking around 86 Hz, at which frequency, the field was able to synchronize the steps of ion-pumping in individual enzymes via a hold-and-release mechanism. It has been experimentally found that the 50 Hz electric field stimulates the growth and reproduction (production of spores) of Aspergillus niger [15] .
Thus, the aim of present study is to probe a biomass of Aspergillus niger filamentous fungi in different stages of growth on sucrose medium by dielectric spectroscopy technique.
Results and Discussion
Dielectric losses tgδ in the 1-200Hz range have been determined applying the method of dielectric spectroscopy.
The ε dielectric permittivity of the materials is a frequency-dependent complex parameter and is given by the relation (1): 1 where j represents the imaginary unit ( 1  ), and the value of the imaginary component ε'', is determined by the electrical conductivity of the material, given by the number and the charge carriers mobility (at given temperature). The dielectric loss tgδ is the ratio between the imaginary ε'' and the real ε' component of the dielectric permittivity of the materials and is directly proportional with the electrical conductivity of the material, respectively (2):
Experimental determinations were performed on samples of sterile Czapex-Dox culture medium with sucrose (reference), from an Aspergillus niger culture after 36 hours and 84 hours of incubation, as well as from the sterilized resulting biomass.
The comparative determination's results are presented in Figure 1 .
Figure 1. Dielectric losses of investigated samples
From the analyses of Figure 1 one can notice that the dielectric losses tgδ, both in the reference sample (blue curve) and in the incubated and sterilized sample (Aspergillus niger biomass in culture medium sterilizedviolet curve) show a continuous evolution in function of frequency. Values smaller with about three order of magnitude obtained on the initial (reference) culture medium compared to those obtained on autoclaved biomass indicate that the number of charge carriers in the sample (and, implicitly, electrical conductivity) increases during the incubation (growth of Aspergillus niger). The number of charge carriers in the reference sample being given by the mineral salt content of the culture medium, this behaviour indicates that during the growth of Aspergillus niger, following the metabolism of sucrose, new electroconductive species were formed-such as proteins, which have a net-negative charge at neutral pH of cells, as well as the protons and anions of citric and oxalic acids formed by the metabolism of sucrose [14, 59] .
By the comparative analysis of the dielectric behaviour of sterile samples (reference sample and autoclaved biomass) with those containing living matter (samples taken after 36 h-red curve-and 84 h of incubationyellow curve), can be noticed that in the first 36 hours of growth tgδ decreases about tenfold relative to the reference sample, the decrease being less pronounced at 84 hours of incubation (about threefold). This behaviour can be explained by the fact that developing cells draw the necessary mineral ions from the culture medium to the cytoplasm across the plasma membrane-to maintain a relatively constant specific ionic composition of the cytosol-, reducing in this way the number of free charge carriers from the surrounding fluid and implicitly the electrical conductivity of the sample. The threefold increase of tgδ of the 84 h-sample compared to the 36 h-one is explained by the higher amount of charge carriers / metabolites formed during the growth of biomass and eliminated in the extracellular space. Under these conditions, the spectacular increase of tgδ following autoclaving (when disruption of bonds within cell walls and protein denaturation occurs) can be explained by "emptying" the intracellular space composition, together with dissociated inorganic salts and organic charged metabolites, into the extracellular space. The electrical conductivity of the sample is given by the total content of mineral salts and metabolic products originated from the cytoplasmic space. Figure 1 shows a net-different dielectric behaviour of sterile samples (autoclaved medium and culture) from the living samples (36 h and 84 h of incubation). Unlike sterile samples, where tgδ evolution functions are continuous and specific to α-relaxation governed by DC electrical conductivity [50] in living matter samples these functions show discontinuities at certain frequencies (noticeable in Figure 1 and 2) . These discontinuities indicate the presence of dynamic processes that are influenced at the respective frequencies by the electric field action generated by the measuring signal, so that the number of charge carriers in the investigated matter changes. This kind of behaviour could be attributed to different transmembrane ion-transporting proteinse.g. V-ATPase proton pumps, whose rotational rate can be determined by synchronizing the ion-pumping steps of individual enzymes with a transmembrane AC field [58] . Figure 2 shows the evolution of tgδ as function of frequency in the 1-60 Hz range (extension from Figure 1 ).
Figure 2. Dielectric losses of investigated samples with living matter
Analysing Figure 2 one can notice that in case of the 36 h-sample, beside the discontinuities from ~38.3, ~49.5, 100, and 156.5 Hz (with higher amplitude), those from 1.9 and 17.8 Hz can be also identified. This finding suggests that the package of proteins and enzymes operating at the early growth phase (formation of hyphae) and the phase of maturation growing stages of Aspergillus niger differ from each other at some extent, or several processes have different intensity at different times.
Under these conditions, it is very likely that by applying an external AC electric field it is possible to selectively control (stimulate/inhibit) the activity of proteins (especially ionic pumps) and implicitly the biochemical processes controlled by these. This aspect can explain both the stimulation of Aspergillus niger growth in the 50 Hz electric field [15] , and the extremely low EMF effects reported [25] [26] [27] [28] [29] .
CONCLUSIONS
By dielectric spectroscopy measurements in the 1-200Hz range, the dielectric loss tgδ was determined on both Aspergillus niger cultures in different growth stages and autoclaved biomass culture, compared to sterile medium (reference).
The experimental results have shown that samples with Aspergillus niger cultures had a different dielectric behaviour than sterile samples (culture medium and autoclaved biomass): for latter ones the evolution functions of tgδ are continuous, unlike samples of living matter, for which these functions have several discontinuities.
It has also been found that the processes performed in the first growing stage of the Aspergillus niger culture are different from those in the more advanced development stage (maturation).
These results suggest that an AC field with given frequency is able to selectively control the activity of several enzymes and other ion-transporting assemblies, which opens up the possibility of biotechnological exploitation.
EXPERIMENTAL SECTION
Sterile Czapex-Dox growth medium was prepared by autoclavation of 1000mL aqueous solution in which 30g sucrose, 2g NaNO 3 , 0.7g KH 2 PO 4 , 0.3g K 2 HPO 4 , 0.5g KCl, 0.5g MgSO 4 ×7H 2 O, 0.01g FeSO 4 , and 30g of Agar (for gelification) was dissolved. All reagents were of analytical grade and were purchased from Merck.
As inoculum, a suspension in basic mineral solution (about 10 6 spores/mL) of Aspergillus niger spores was used. Inoculated cultures were incubated in the dark for 84 h at 30 ± 2 °C, relative humidity 90 ± 5%.
Sterilization of the biomass grown on the culture medium was done by autoclavation for 30 min at 105 ± 3°C.
Growth medium samples were taken before inoculation (reference), after 36 h and 84 h of incubation, and after sterilization of the biomass, respectively.
Dielectric spectroscopic measurements in the 1-200Hz range were carried out using a 1296A Dielectric Interface System (Solartron Analytical / AMETEK Scientific Instruments, USA). Collected spectral data were analysed using the Spectr-O-Matic MATLAB® toolbox.
